The refractive indices of maltose hydrate solutions have bee n determined at 20° and at 25° C. Equations relating the refractive index to the percentage concentration of sugar have been p l'epal'ed from the observed data by the method of averages. A table, giving the refractive indices of mal tose solutions at I-percent intervals over a range of 1 to 65 perce nt of maltose hydrate at both 20° and 25° C, is included.
I. Introduction
The disaccharid e, maltose, has found extensive use in the food industry. Starch is converted into "soluble starch " by mild acicl treatment, and this in turn is hydrolized to a mixt ure of maltose and dextrins by the enzymes of barley Hour. Much of the maltose is not further purified but is used as a constituent of this mixture. Upon hydrolysis, maltose yields two glucose uni ts, which are joined in the maltose molecule to form a 4-D-glucose Dgluco ide. In the present investigation refractive index measurements have been made of aqueous maltose solutions at 20° and at 25° C. It is believed that these values will be of use in estimating the quantity of maltose present in solutions of Lhe pure sugar, as well as in those con taining maltose along with other sugars.
II. Purification of Maltose Hydrate
Maltose crystallizes from aqueous solution and from aqueous alcohol solution a maltose·H20 . Considerable care is required to remove the last traces of dextrins. The preparation of the pure sugar by crystallization from alcohol, from acetic acid 1 and by deacetylation of the acetate 2 have b een discussed in the literature.
The sugar used in this investigation was prepared by three recrystallizations of maltose from aqueous solution at approximately 5° C. The starting produet was the chemically pure maltose of Pfa.nstiehl and of Eastman Kodak Co. The sugar was dissolved in water and the solution filtered through carbon, evaporated under reduced pressure, and crystallized in an ice bath wilh cons tan t stirring. After the first crystallizations the. carbon was omitted . The crystals were dried at room temperature, and finally at 50° C. They gave a very clear solu tion, were ash free, and had a specific rotation of + 130.5 (water, C = 4.73). This crystallization from water olution gives lower yields than when alcohol is used but has the advantage that small amounts of dextrose or dextrins remain in solu tion.
The maltose used for the r efractive index determinations was found to contain 0.14 percent of moisture in excess of the theoretical 5.00 p ercent for maltose hydrate. This moisture content was determined by a procedure uscd previously in this laboratory by R. F . Jackson, who found that car efully prepared maltose hydrate dried at room temperature and finally at 50° 0 contained 5.13 percent of moi sLure rather than the theoretical 5.00 percent. He dried maltose to constant weight in a vacuum over P20 5 • The initial drying temperature of 64 0 C wa slowly increased to 105 0 C. In order to be assured thnt Lhe loss of weight, in excess of 5.0 percent, was not due to decomposition, a sample of the sugar hydrate was allowed to come to equilibrium in an atmosphere whose vapor pressure was that of pure malLose hydra te. This vapor pressure was maintained by means of a mix Lure containing equal amounts of maltose hydrate and partially dehydraLed maltose hydrate. A relatively small sample of the sugar hydrate after standing 255 hours at 56° C in this environment r each ed a constant weight and had lost 0.1 3 percent of its weight. Tables 1 and 2 
III. Measurements and Discussion of Results
The refractive index measurements were mane on solutions whose concentrations var~~d from approximately 1 to 65 percent of maltose hydrate. All measurements were made under carefully controlled temperature conditions. Observations over the entire range of concentration were made on a Bausch & Lomb precision refractometer, and at the lower concentrations, a Zeiss dipping refractometer was used. These instruments were calibrated at this Bureau. A measurement of the refractive index of water 3 was made before and after that of each maltose solution, and proper corrections were applied. The value used was the average of four or five readings on a given solution. The maximum difference on a given solution never exceeded 0.00002 in refractive index. Each solution stood at leas t 4 hours to allow the maltose to reach equilibrium. 4 Sixteen observations were made at 20°C and eight observations at 25°C . Equations r elating the refractive index to the percentage concentration of sugar hydrate (p) were calculated by the method of averages from the observed data. Equations 1 find 2 express this relationship. n1°= 1.33299 + 1.38914 X 1O -3p + 4.7602 X 1O -6P2}
(1) + 2.0933 X 1O-sp3-6.124 X 1O-lIp4 n;;= 1.33250 + 1.38275 X 1O -3p + 3.9303 X 1O -6P2 } (2) + 5.2527 X 1O -sp3-3.4994 X 1O-lop4 Tables 3 and 4 contain the observed data, along with the calculated values. At 20°C the average deviation of the calculated values from those observed amounts to ± 0.000024, whereas at 25°C the corresponding average deviation is ± 0.000049. At both temperat ures the deviations at the higher concentrations are greater than in the lower range. This may be attributed to th e increased difficulty in the preparation and the handling of the solutions of higher concen tration. The refractive indices in table 5 were calculated by means of eq 1 and 2. Th e temperature coefficient of maltose solutions appears to be very similar to that of sucrose solutions in this temperature range. The apparent decrease in temperature effect above 44-percent concentration is small and may be a result of 3 L . W . Tilton and J . K. Taylor, J . R esearch NBS 20, 419 (1938) .
• H . S. I sbell and W . W . Pigman, J . R esearch NBS 18, 183 (1937) RP969. experimental error . It is of the same order of magnitude as the deviation of the observed valu es from the calculated values. At 21°C a saturated maltose solution contains 46.4 percen t of sugar; thus the solutions with concentration above 46.4 percent are supersaturated and are more subject to error due to shifting of the equilibrium products. It appears that a temperature coefficient of 0.00016 would be within the experimental error of the data for the concentration range above 23 percent. 
